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Small bowelAbstract Purpose: The purpose was to ﬁnd an oral contrast agent that can be utilized in MRI of
the small bowel and fulﬁll the following criteria: natural, with no or minimal side effects, non-
expensive, causes the maximum bowel distension and has the best imaging quality with no artifacts.
Methods: Fourteen healthy volunteers were included. Each volunteer underwent 3 MRI examina-
tions on different days using 3 different oral contrast materials; water, milk and pineapple juice.
Coronal T2WI MRI was done at KAUH Diagnostic Radiology department. Standardized ques-
tionnaire was used to study post-MRI abdominal complaint. Statistical analysis was done using
SPSS program version 17.0.
Results: All tested contrast agents could signiﬁcantly distend the small bowel loops with the p value
<0.05. Pineapple juice could distend up to 5 segments in 7 volunteers. Good image quality was
depicted in 50% of volunteers using juice, while water showed the worst results where 75% had
bad image quality. The highest percentage of image artifacts was found with milk (64.3%).
Conclusion: Pineapple juice has the highest ability of bowel distention and good image quality with
insigniﬁcant image artifacts and no reported side effects.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The small intestine extends from the pyloric canal to the ileo-
cecal junction where it continues with the colon. The diameter
of the small intestine decreases from its proximal to its distal
end. The average diameter is about 2.5 cm (1). Normal values
for lumen caliber vary with examination technique. For exam-
ple, during enteroclysis the lumen diameter is considered
abnormal if it exceeds 4.5 cm in the upper jejunum or 3 cm
in the ileum (2). Average thickness of normal small intestinal
288 N.M. Elsayed et al.wall is 1–2 mm when the lumen is fully distended and may
reach up to 3 mm in case of bowel collapse. A thickness of
4 mm or more is considered as abnormal (3). Most small bowel
diseases have similar signs and symptoms which are non-speci-
ﬁc e.g. abdominal pain, diarrhea, anorexia and loss of weight.
This makes diagnosis of small bowel disease difﬁcult to some
extent. Some diseases e.g. Crohn’s disease make mucosal
changes like wall and fold thickening, ulcerations or nodules.
Others may cause areas of stricture and abnormal dilatation
e.g. lymphoma. Tumors of the small intestine are usually sin-
gle, but may be multiple particularly in certain syndromes
e.g. familial polyposis. Nonspeciﬁc mucosal thickening usually
accompanies malabsorption syndromes e.g. celiac disease.
A proper degree of bowel distension is important for ade-
quate imaging of the small intestine. Collapsed bowel segments
may result in false negative and false positive results where
small areas of abnormalities may be missed, or a collapsed
loop may be misinterpreted as an abnormality (4). Many years
ago, MR imaging has been contributed in the detection of
small intestinal diseases. It can be performed with enterogra-
phy or enteroclysis (5). There is no agreement on the
appropriate protocols used for MRI of the bowel. However,
T2-weighted images and contrast-enhanced gradient-echo
sequences usually are the most diagnostic. Coronal balanced
SSFP images are helpful because they provide diagnostic data
from the whole abdomen and pelvis (6). Many oral contrast
agents are used for MR imaging of the bowel. These are clas-
siﬁed according to the signal intensity they yield on T1- and
T2-weighted images: negative (low signal intensity in T1 and
T2WI), positive (high signal intensity in T1 and T2WI), or
biphasic (low signal intensity on T1WI and high signal inten-
sity on T2WI or the reverse). The biphasic group is mostly
available e.g. water (7–9).
Many substances are clinically used as oral MRI contrast
agents including
Gadolinium-containing substances when used in clinically
accepted concentration (1 mmol/L). They are considered as
positive contrast agents. They reduce the T1 relaxation times
of all surrounding water molecules with an only moderate
T2-shortening effect. So, signal intensity of the bowel lumen
is bright both on T1- and T2-WIs. Contraindications of using
Gadolinium-containing agents are suspected ileus and patient
dehydration. Barium suspensions are available and not expen-
sive. Barium causes loss of signal in the bowel because it
replaces the water protons by barium particles. Barium-con-
taining agents must not be administered in cases of suspected
bowel perforation, before bowel surgery and within one week
after endoscopic polypectomy (10).
A typical example of negative contrast agents is superpara-
magnetic iron-based particles. They lead to local ﬁeld inhomo-
geneity, which results in shortening of both T1 and T2
relaxation times leading to decrease signal intensity on T1
and T2 weighted sequences. This is useful especially for dimin-
ishing the signal of the bowel lumen for MR cholangiopancre-
atography (MRCP) studies.
Some fruit juices such as pineapple and blueberry juices
contain a high manganese concentration and therefore may
be utilized as positive contrast materials that give the bowel
high signal intensity on both T1 and T2 WIs (11).
Water is an ideal biphasic contrast agent that gives low T1
WI and high T2 WI signal intensities of the bowel loops. It is
the most safe and less expensive material, but unfortunately itis rapidly reabsorbed from the small bowel, thus provides poor
bowel distention mainly in the distal segments.
Hydrosolutions provide signal properties similar to those of
water. However, in contrast to pure water, they are not rapidly
reabsorbed in the gastrointestinal tract due to additives
increasing the agents’ osmolarity. Thus, good distension of
the jejunum and ileum is achieved. One of two famous agents
is added to water to reduce its reabsorption from the intestine,
either Mannitol or Sorbitol (12).
1.1. Aim of work
The aim of this work was to ﬁnd an oral contrast agent that
can be used in MRI of the small bowel and fulﬁll the following
criteria: natural, with no or minimum side effects, non-expen-
sive, palatable by the patient, causes the maximum bowel dis-
tension and has the best imaging quality with no artifacts.2. Subjects and methods
2.1. Subjects
Fourteen healthy volunteers were included in the study (11
females and 3 males ranging in age from 21 to 23 years, with
the median age 21 years, with the median body mass index
20, range 16.02–40.12). Informed consent was obtained by
all individual participants. History of bowel disease or bowel
related symptoms such as frequent diarrhea, constipation,
vomiting, nausea or ﬂatulence was excluded using standard-
ized questionnaire. The study protocol was approved by the
medical research ethics committee, Faculty of medicine,
KAU. Each volunteer underwent 3 MRI examinations on dif-
ferent days using a different type of contrast each time. The
interval between examinations was planned to be at least 24 h.
2.2. Setting
The study was done through March to May, 2014 at the MRI
unit, Diagnostic Radiology department, KAUH.
2.3. Oral contrast agents
Three natural contrast agents were tested: water, milk and
pineapple juice. MRI was performed after 4 h fasting. Prior
to each examination, the volunteers were asked to drink 1–
1.5 l of the selected ﬂuid. Drinking was done at a steady rate
over 30 min, then MRI was done 45–60 min after that. The
examinations were done in a randomized order regarding the
type of oral contrast used.
2.4. MRI examination protocol
MRI examinations were accomplished on a 1.5T MRI
machine (Symphony Machine). For signal reception, a set of
two large ﬂex surface coils were used to acquire good coverage
of the entire abdomen and pelvis. No spasmolytic drugs or
paramagnetic contrast agents were used .Coronal images were
taken with the subject in the prone position to reduce bowel
and respiratory movements which may reduce image quality.
True fast imaging with steady-state free precession sequence
Table 1 Mean diameter of the small bowel using water, juice
and milk.
Mean diameter of the small bowel in mm P value
Cases Controls
Water 14.9 ± 3.6 25 ± 0 0.000*
Juice 16.95 ± 2.9 25 ± 0 0.000*
Milk 16.5 ± 2.7 25 ± 0 0.000*
* Statistically signiﬁcant.
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Fig. 1 Graph shows average distention of the jejunum and ilium
using different oral contrast agents. No statistically signiﬁcant
difference is found for the distension of the jejunum and ilium.
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ﬁeld of view 400 cm; slice thickness; 3 mm; matrix size;
232 · 256, average; 1. Data acquisition was performed 45–
60 min after drinking in 40 images.
2.5. Data analysis
The small bowel was divided into two segments Jejunum and
ileum. The mean value for bowel distention was calculated
for each participant by taking the transverse diameter of 5 seg-
ments of the jejunum and 5 segments of the ilium. Images were
analyzed by an expert radiologists blinded to the amount and
type of contrast used. The radiologist commented on the pat-
tern of distribution of contrast among different bowel seg-
ments including the stomach and duodenum, the pattern of
contrast effect, image quality and the presence of artifacts.
Twenty-four hours after each MRI examination, the volun-
teers were asked about the occurrence of undesirable abdomi-
nal effects such as diarrhea, ﬂatulence, vomiting, and
abdominal colics. For this purpose a standardized question-
naire with a 4-point scale was used (1 = no side effects,
2 = mild side effects, 3 = moderate side effects and 4 = sev-
ere side effects).
2.6. Statistical analysis
Data were collected and tabulated. Statistical Package for
Social Science (SPSS) program version 17.0 was used for data
analysis. Mean and standard deviation (SD) were estimates of
quantitative data while frequency and percentage were esti-
mates of qualitative data. Differences in characteristics were
tested by Student’s t test for quantitative data and by chi-
square test for qualitative data for 2 group comparison. One-
Way ANOVA was used to compare the mean diameter of jeju-
num and ileum with different ﬂuids used. Pearson’s correlation
coefﬁcient was used to measure linear association between
patient data and diameter of jejunum and ileum with different
ﬂuids used. A two-sided P value <0.05 was considered sta-
tistically signiﬁcant. Simple boxplot graphs were drawn to
show difference in values between different ﬂuids used in the
tests.3. Results
One to one and half liter of each contrast solution was ingested
by all volunteers at a steady rate. The planned time of 30 min
was achieved by all volunteers for water and juice. However,
consumption of milk was prolonged as much as 60 min
because of its higher density. Mean bowel distention results
for all volunteers are shown in Table 1 where the juice showed
a little more distention compared to milk (16.95 mm and
16.5 mm respectively), while the water showed the least disten-
tion (14.9 mm). Compared to the standard mean diameter of
bowel loops (25 mm), there is signiﬁcant bowel distention
using any of the three ﬂuids with the p value = 0.000.
No statistically signiﬁcant difference between the degree of
distention of the jejunum or ilium after using each type of con-
trast agents as shown in Fig. 1.
Correlation the subjects’ demographic data and bowel dis-
tention showed that water caused more distention of thejejunum in males subjects compared to females subjects
(19.7 mm and 14.1 mm respectively) with the p value = 0.02.
There was no statistically signiﬁcant correlation between
the subjects’ age, weight, height and body mass index (BMI)
and the degree of jejunal or ileal distention using water while
increased subjects’ weight, height and BMI showed more jeju-
nal distention after juice ingestion with the p value = 0.009,
0.01 and 0.02 respectively. Milk showed signiﬁcant correlation
between only increased subjects’ heights and jejunal distention
with p value = 0.04.
Comparing the ability of each ﬂuid to distend multiple
bowel segments, juice could distend up to 5 segments in 7
volunteers (50%) while water could distend 5 segments in only
one volunteer (7%). The maximum number of segments dis-
tended with milk was 4 segments in only 3 participants
(21.4%) meaning that juice had the highest ability of bowel
distention with the p value = 0.02. Fig. 2.
The degree of bowel opaciﬁcation and lumen distention in
different ﬂuids used is shown in Figs. 3–5.
Image quality was classiﬁed into good, fair or bad. The best
results were obtained after using juice where 50% of subjects
showed good image quality while water showed the worst
results where 57% of subjects showed bad image quality with
the p value = 0.005. Most subjects showed no image artifacts
by using water or juice (85.7% for each) while in case of milk
ingestion, 64.3% of subjects showed mild artifacts with the p
value = 0.005 as shown in Table 2.
No side effects were reported after ingestion of water. The
questionnaire results for acceptance of the contrast agents
showed no or only discomfort and ﬂatulence associated with
the ingestion of juice. The discomfort was due to the large vol-
ume ingested. Most side effects were associated with the
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Fig. 2 Graph shows the number of bowel segments distended by
different oral contrast agents. Juice shows the best results (5
segments were well distended in 50% of participants).
Fig. 3 Coronal T2 WI MRI of the abdomen using 1000 ml water
as an oral contrast. The small bowel loops are partially ﬁlled and
poorly distended.
Fig. 4 Coronal T2WI MRI of the abdomen using 1000 ml
pineapple juice as an oral contrast. It shows homogenous and
uniform opaciﬁcation of small bowel segments with good disten-
sion. Juice displays the best results.
Fig. 5 Coronal T2WI MRI of the abdomen using 1000 ml milk
as an oral contrast. It shows inhomogeneous bowel opaciﬁcation
with poor distension.
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symptoms. Some subjects had more than one complaint as
shown in Fig. 6. This means that milk had the most side effects
with the p value = 0.05.
4. Discussion
MRI of the small bowel is increasingly used as an excellent and
acceptable method in detecting bowel abnormalities when it is
done with conjunction of administration of different oral con-
trast agents (12). Good luminal distention is crucial for detec-
tion of small bowel lesions, since nondistended loops may
mask small mucosal lesion, or may give false positive results
of mucosal abnormalities. Many oral contrast agents have
been tried in this concept e.g. Gadolinium, barium, natural
juices, milk and water. In the current study water, pineapple
juice and milk were used to distend the small bowel loops.
Administration of Juice leads to signiﬁcant more bowel disten-
tion compared to milk (16.95 mm and 16.5 mm, respectively)
while water shows the least distention (14.9 mm). Poor waterdistention is explained by its rapid intestinal absorption which
results in inadequate distention of all bowel segments. This
result matches with that of Parente D B, 2012 who stated that
‘‘water is not effective oral contrast media for utilization, as it
absorbed by the bowel and does not distend the loops appro-
priately, which is a very important condition for the correct
interpretation of the image.’’ (13)
Table 2 Image quality and artifacts noticed with different
ﬂuids used.
Water Juice Milk P value
Image quality
Good 2 (14.3) 7 (50) 0 0.005*
Fair 4 (28.6) 6 (42.9) (50)
Bad 8 (57.1) 1 (7.1) 7 (50)
Artifacts
No 12 (85.7) 12 (85.7) 4 (28.6) 0.005*
Mild 2 (14.3) 1 (7.1) 9 (64.3)
Moderate 0 1 (7.1) 1 (7.1)
* Statistically signiﬁcant.
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Fig. 6 Subjects’ complain 24 h after MRI study.
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physiological absorption of water needs to be delayed by using
some additives to prevent or delay its absorption like Mannitol
or sorbitol, but they may lead to many unwanted effects such
as diarrhea, vomiting and nausea especially with mannitol (14).
In our study, we are adherent to the aim of this work by using
absolute natural contrast agents, so we did not use any addi-
tives to enhance water function. Although milk shows better
bowel distention compared to water, but the image quality is
inferior to water and juice. Many image artifacts are found
with milk as well. This is due to the fat contents of milk which
lead to delayed passage within the bowel loops with subse-
quent interrupted and uneven distention of different segments.
Many volunteers could not drink all the amount of milk within
the required time because of its taste. In addition, many of
them experienced abdominal discomfort; ﬂatulence, colic, diar-
rhea or constipation after milk consumption. This is may be
explained by lactose intolerance in some people. The enzyme
lactase is needed to break down lactose prior to absorption
into the blood stream and in individuals deﬁcient in this
enzyme, there is a failure of proper lactose absorption from
the bowel which then cause symptoms such as bloating diar-
rhea (15). In the current study, pineapple juice shows the best
results. It is tolerable by all participants, has very little abdomi-
nal discomfort and more importantly shows the best bowel dis-
tention (16.9 mm).It also shows very good image quality with
no artifacts. This is matched with the results of Arrive et al.,
2007 who found that using of pineapple juice as a contrast
agent in MRI examination shows a best image quality. Also
it is a best agent in helping of distended bowel comparing toother agents. Ingestion of Pineapple Juice provides effective
signal suppression in the GI tract similar to paramagnetic con-
trast agents giving high signal on both T1 and T2WI with good
delineation of wall and luminal abnormalities (16). Our study
is strictly noninvasive without using any chemical agents. In
some previous studies Erythromycin was used intravenously
following drinking of the contrast agent for faster emptying
of the stomach (15). We did not use it for being invasive and
for its adverse reactions that can occur e.g. tachycardia, nausea
and vomiting. Also no spasmolytic solution is applied in this
study like Buscopan that relaxes the smooth muscle in the gas-
trointestinal tracts. Buscopan can cause pressure inside the
eyeball, so it is contraindicated in patients with glaucoma
and also in patients with prostatic enlargement. In addition,
it leads to constipation, difﬁcult micturition, dry mouth,
increased heart rate and nausea (17). Other oral contrast
agents have been tried in previous studies, but showed many
adverse effects. For example, Gadolinium when used orally
may lead to nausea, vomiting, headaches, dizziness, anaphy-
lactoid reactions, or acute pancreatitis (18). MRI enterography
is found to be an ideal imaging modality for the small intestine.
It is noninvasive, with the best tissue characterization and
more importantly using nonionizing radiation. The latter is
important because one of the main indications for MRI of
the bowel is the diagnosis of suspicions Crohn’s disease.
Such patients are usually young and require repeated examina-
tions throughout their lifetime, so MRI is considered to be
ideal for them (14).
The limitations of this study are being the limited time for
data collection, ﬁnding volunteers who are able to do repeated
MRI examinations and who can drink large amount of ﬂuids –
especially milk-within a limited time.5. Conclusion
Based on our results, Pineapple is an ideal solution that can be
used as an oral contrast agent in MRI enterography. It is natu-
ral, does not need addition of chemical agents to reduce its
absorption – like in cases of water-, and has good ability for
bowel distention, good image quality, with no image artifacts
in addition to its good taste and very minimal abdominal
discomfort.
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